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A r t i f i c i a l  E a r t h  S a t e l l i t e s  
VYP. 1 2 ,  133-140 
Izd-vo A .  N.SSSR, 1962 

by A. A .  Pokhunkov 

D i r e c t  measurements o f  gas c o n t e n t  a r e  o f  paramount 

va lue  when de termining  t h e  thermodynamic ;parameters o f  t h e  

atmosphere above 100 k m  and s tudy ing  t h e i r  v a r i a t i o n s  as a 

r e s u l t  o f  v a r i o u s  e f f e c t s  changing t h e  s t a t e  of t h e  atmosphere.  

One o f  t h e  most impor tan t  r e s u l t s  ob ta ined  d u r i n g  t h e s e  measu- 

rements are t h e  d a t a  on r e l a t i v e  c o n c e n t r a t i o n s  o f  t h e  b e a s i c  

a tmospher ic  components determining t h e  va lue  o f  t h e  mean mole- 

c u l a r  weight  a t  cons idered  a l t i t u d e s .  

Data on t h e  i n v e s t i g a t i o n  o f  n e u t r a l  gas con ten t  i n  

t h e  100- 210 k m  a l t i t u d e  range,  c a r r i e d  o u t  i n  J u l y  1959 i n  

t h e  middle l a t i t u d e s  o f  t h e  Zuropean SSSR i n  morning hours  

{l, 21, al lowed a u n i l a t e r a l  conclus ion  on t h e  mean molecular  

weight  v a r i a t i o n  of  o n l y  t h e  gas i n s i d e  t h e  m a s s  s p e c t r o m e t e r ' s  

a n a l y z e r .  I n  o r d e r  t o  e s t i m a t e  the  v a r i a t i o n  wi th  a l t i t u d e  of 

t h e  mean molecular  weight of  gases  i n  t h e  atmosphere,  i t  i s  

necessa ry  t o  t ake  account  t h e  v a r i a t i o n  of ana lyzed  g a s e s '  

c o n t e n t  i n  t h e  i n l e t  nozz le  and i n  t h e  ana lyze r  i t s e l f .  
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I f  t h e  d i s t a n c e  from t h e  i n l e t  opening t o  t h e  i o n  source  

i s  s i g n i f i c a n t l y  g r e a t e r  t han  t h e  former ' s  d i ame te r  ( b/d >1>, as 
w a s  t h e  case  i n  t h e  experiments  of  [ 3 ,  41, on ly  an i n s i g n i f i c a n t  

p a r t  o f  molecules  out f lowing  from t h e  t o t a l  flux e n t e r i n g  t h e  

a a l y z e r  r eaches  t h e  i o n  source  without  c o l l i d i n g  wi th  t h e  w a l l s  

and i n  t h e  s c r e e n  of t h e  a n a l y z e r .  There i s  n a t u r a l l y  a subs t an -  

tial p r o b a b i l i t y  of  v a r i a t i o n  o f  an*ed gas '  c o n t e n t  and p a r t i c u -  

l a r l y  of  i t s  atomic chemica l ly-ac t ive  component which may p a r t l y  

recombine o r  e n t e r  i n t o  combination wi th  t h e  m a t e r i a l  o f  t h e  w a l l s  

and o f  t h e  s c r e e n  o f  t h e  ana lyze r .  

The e f f e c t  of recombinat ion on t h e  q u a n t i t a t i v e  measurement 

o f  atomic oxygen c o n c e n t r a t i o n  was noted  i n  t h e  e a r l i e r  works by 

Xeadows and Townsend L31, and a l s o  i n  t h e  works c1, 21. The poss i -  

b i l i t y  of q u a n t i t a t i v e  measurements o f  r e l a t i v e  atomjc oxygen con- 

c e n t r a t i o n s  with t h e  a i d  o f  mass-spectrometers was ques t ioned  in 
t h e  works by Johnson C51 and Is tomin C61, on account  o f  recombina- 

t i o n  and combining r e a c t i o n s  i n  the  ana lyze r .  According t o  mass- 

s p e c t r o m e t r i c  measurements c1, 21, atomic n i t r o g e n  c o n t e n t  i n  t h e  

i n d i c a t e d  a l t i t u d e  range is no t  more than  1 t o  2 p e r c e n t  of  t h e  

molecular ,  and thus  cannot  exe r t  - s i g n i f i c a n t  e f f e c t  on t h e  v a l u e  

o f  t h e  mean molecular  weight of  t h e  a i r  at t h e s e  a l t i t u d e s .  There- 

f o r e  t h e  c iuan t i t a t ive  account ing  of t h e  decrease  i n s i d e  t h e  ana- 

l y z e r  of a tomic oxygen concen t r a t ion  has a de termining  va lue  f o r  

t h e  computation of  th< .  mean molecular  weight a t  t h e s e  a l t i t u d e s .  

Another f a c t o r ,  changing analyzed gases' c o n t e n t  i n  t h e  fast-moving 

a n a l y z e r  i s  t h e  s e l e c t i o n  by masses c71, which d imin i shes  t h e  r e l a -  

t i v e  l i g h t  gas con ten t  i n  t h e  r e f l e c t e d  s t r e a m .  For t h e  case  when 

o n l y  t h e  r e f l e c t e d  s t r e a m  is ion ized  i n  t h e  mass-spec t rometer t s  

a n a l y z e r ,  t h i s  s t r eam be ing  i n  thermal e q u i l i b r i u m  wi th  t h e  w a l l s ,  

t h e  s e l e c t i o n  f a c t o r  by mzsses f o r  O1 accord ing  t o  Repnev d a t a  C71, 
is  e q u a l  t o  = 1.323. For t h e  ob ten t ion  of  r e l a t i v e  0 concentra-  

t i o n  i n  t h e  atmosphere t h i s  c o e f f i c i e n t  must be m u l t i p l i e d  by t h e  
r o  1 
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I f ,  as t h i s  2' measured r a t i o  o f  c o n c e n t r a t i o n s  of 0 and N 

happens i n  r e a l  dev ices  where t h e  i o n  s o u r c e  is disposed  a t  t h e  

a n a l y z e r ' s  i n l e t ,  t h e  i o n i z a t i o n  of t h e  e n t e r i n g  (pl0 =1.0), as  

w e l l  as r e f l e c t e d  <Po = 1,323) f l u x e s  is e q u a l l y  probable ,  t h e  

c o r r e c t i v e  f a c t o r  f o r  t h e  s e l e c t i o n  by masses w i l l  obvious ly  be 

equa l  t o  ( k b  + lo) : 2 = 1.16. It vas n a t u r d  t o  a-ysume a t  compu- 

t a t i o n s ,  t h a t  r e a c t i o n s  i n  which atomic oxygen i s  absorbed,  are 

a b s e n t  

1 

I n  t h e  gene ra l  ca se  all these  f a c t o r s  a c t  i n  t h e  same 

d i r e c t i o n ,  r educ ing  t h e  r e l a t i v e  concen t r a t ion  of  a tomic oxygen. 

The o b t e n t i o n  o f  t h e  c o r r e c t i v e  f a c t o r  by means o f  t h e o r e t i c a l  

computation c o n s t i t u t e s  a r a t h e r  d i f f i c u l t  problem, depending t o  

a s i g n i f i c a n t  e x t e n t  on t h e  accu ra t e  knowledge of recombinat ion 

c o e f f i c i e n t s  on t h e  i n n e r  s u r f a c e s  of  t h e  a n a l y z e r ,  and on t h e  

degree  of  vacuum working o u t  of the  s u r f a c e s .  I n  l a b o r a t o r y  condi- 

t i o n s  t h e  de t e rmina t ion  of t h e  degree of v a r i a t i o n  of t h e  con ten t  

i s  b e s e t  w i th  o t h e r  d i f f i c u l t i e s ,  l i n k e d  with t h e  o b t e n t i o n  o f  

atomic oxygen and t h e  measurement of i t s  a b s o l u t e  c o n c e n t r a t i o n s  

a t  a n a l y z e r ' s  i n l e t .  The d i f f i c u l t i e s  stemming from t h e  above d i d  

n o t  p rov ide  t h e  p o s s i b i l i t y  t o  determine t h e  r e l a t i v e  c o n c e n t r a t i o n  

of  a tomic oxygen a t  1959 launching6 [l, 21, and by t h e  same token ,  

t o  determine expe r imen ta l ly  t h e  value of  mean molecular  weight o f  

t h e  air i n  t h e  a l t i t u d e  i n t e r v a l  from 100 t o  210 km. 

On 23 September 1960 at 0056 hours  l o c a l  t ime an e x p e r i -  

ment was c a r r i e d  o u t  i n  t h e  middle l a t i t u d e s  of  t h e  European SSSR 
f o r  t h e  i n v e s t i g a t i o n  of atmosphere c o n t e n t  by a somewhat d i f f e r e n t  

method from t h a t  used i n  1959. .The f ive-cascade  r ad io f requency  

m a s s  s p e c t r o m e t e r ,  which i s  an improved model of  t h a t  d e s c r i b e d  i n  

C81, h a s  such  an ana lyze r  c o n s t r u c t i o n ,  t h a t  t h e  dec rease  o f  a tomic 

oxygen c o n c e n t r a t i o n  on account of  recombinat ion a t  e n t e r i n g  t h e  

i o n  s o u r c e  w a 6  reduced t o  the  minimum, T h i s  ' t j a  achieved  by way of 

I 



4. 

maximum c o n t r a c t i o n  of t h e  l e n g t h  of t h e  i n l e t  nozz le  and i n c r e a s e  

of  i t s  d iameter  (F ig .  1). The main t e c h n i c a l  c h a r a c t e r i s t i c s  o f  

t h e  m a s s  s p e c t r o m e t e r  a p p l i e d  a r e  presented. below. 

Fig.  1. Scheme o f  t h e  A2 a n a l y z e r  (1960 experiment) .  

- i o n  s o u r c e  ; MB - place  of  a n a l y z e r ' s  opening.  

-_ 

1. Mass range ( i n  atomic u n i t s  o f  mass) : 1 +4.12 +60. 

2. The e b o i v i n g  power - i n  t h e  r e g i o n  40 a .e  .m. is 45. M 
M 

. - 3 .  The p a r t i a l  s e n s i t i v i t y  for argon is 5 10' lOmm H g  col. 
(os c i l l o g r a p h  r e a d i n g  f o r  t h e  minimum r e g i s t e r e d  c u r r e n t  of 4 

4. Dura t ion  of m a s s  s c a n  cycle  3 6ec .  

5. Dynamic range o f  t h e  ion c u r r e n t  a m p l i f i e r -  2.2 1 0  . 
6 .  Consumed power at f e e d  vol tage  o f  27.5 v - & w a t t .  

4 

7. Weight o f  t h e  device - 2 kg. 

To c o n t r o l  t h e  opera t ion  o f  t h e  device  and t h e  c a l i b r a k i o n  

by masses, t h e  m a s 6  s p e c t r o m t e r ' s  a-nalyeer was f i l l e d  c i t h  a mix- 

t u r e  o f  c o n t r o l  g a s e s  (H2, H e ,  Ne and A r )  up t o  a p r e c s u r e  of  
-5 1 10 mm. Hg. Cole 

The m a s s  spec t rometer  was i n s t a l l e d  i n  a s m a l l  hermetized 

c o n t a i n e r  ( F i g .  21, which i n  i ts  t u r n  w a s  f a s t e n e d  on a r e v o l v i n g  

b r a c k e t  i n  a s p e c i a l  n e s t  o f  one o f  the compartzents of t h e  r e t r i e v e -  

a b l e  geophys ica l  c o n t a i n e r .  T h i s  c o n t a i n e r  lr7as r a i s e d  t o  great h e i g h t s  
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5. 

we compared t h e  r e l a t i v e  con- 

c e n t r a t i o n s  of  0 

t h e  r e s u l t s  of two experiments  

conducted with a n a l y z e r s  of 

d i f f e r e n t  c o n s t r u c t i o n .  

and N2 by 1 

-? 

I n  one of  them (1959 
ex-oeriment r e f .  Ll, 21 ) , t h e  

w i t h  t h e  a i d  of  a l a r g e  geophysical  r o c k e t ,  and s e p a r a t e d  from i t  
moving away t o  a d i s t a n c e  of s e v e r a l  hundred meters .  Upon separa-  

t i o n  from t h e  r o c k e t  on s i g n a l  from t h e  automatic  t i m e r  t h e  d e v i c e  

and tr e galvanometer o s c i l l o g r a p h w e r e  swi tched  on, and d u r i n g  20 s e c  

p r i o r  t o  a n a l y z e r  opening r e g i s t r a t i o n  of c o n t r o l  gases '  s p e c t r a  

took  p l a c e .  By t h e  moment of  ana lyzer  opening t h e  s m a l l  c o n t a i n e r ,  

r e v o l v i n g  on t h e  b r a c k e t  and emerging from t h e  n e s t ,  s e t t l e d  i n t o  

a p o s i t i o n  a t  an angle  of 45' between t h e  axis of t h e  a n a l y z e r  

and t h e  l o n g i t u d i n a l  axis of t h e  l a r g e  c o n t a i n e r  (Fig.3).  The ope- 

n i n g  o f  t h e  m a s s  s p e c t r o m e t e r  w a s  made with t h e  h e l p  of  a s p e c i a l  

k n i f e  on command from t h e  automatic t imer.  A f t e r  opening,  t h e  k n i f e  

s e t t l e d  i n  t h e  m o s t  remote p o s i t i o n  from t h e  i n l e t  opening of  t h e  

a n a l y z e r .  During t h e  f l i g h t  of 23 September 1960, 50 m a s s  s p e c t r a  

were obta ined  a t  a s c e n t ,  and 5l. at  d e s c e n t  of  t h e  c o n t a i n e r ,  cove- 

r i n g  t h e  100 t o  210 k m  a l t i t u d e  range. 

From t h e  i n f o r m a t i o n s  obta ined  on t h e  composition of  the a i r  
i n  t h e  i n d i c a t e d  a l t i t u d e  range examined a r e  i n  t h e  c u r r e n t  work 

d a t a  on r e l a t i v e  c o n c e n t r a t i o n s  and t h e i r  v a r i a t i o n s  w i t h  h e i g h t  

on ly  f o r  t h e  main atmospheric components determining t h e  mean mole- 

c u l a r  w e i t h t  o f  t h e  a i r .  The o t h e r  r e s u l t s ,  i n c l u d i n g  those  concer-  

n i n g  t h e  g r a v i t a t i o n a l  s e p a r a t i o n  of gases  and t h e  c o n t e n t s  o f  s m a l l  

admixtures  w i l l  be examined i:. another  paper ,  
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r e g i o n  by atmosphere atoms and molecules w a s  excluded on account 

o f  t h e  p e c u l i a r  c o n s t r u c t i o n  of  the i o n  s o u r c e ,  and o f  t h e  l o n g  

i n l e t  nozz le ,  I n  t h a t  case  oxygen atoms , e n t e r i n g  t h e  a n a l y z e r ,  

underwent a s u b s t a n t i a l  number of  c o l l i s i o n s  be fo re  r each ing  i n t o  

t h e  i o n i z i n g  r e p i o n  of t h e  i o n  source ,  and thus  t h e  recombinat ion 

i n  t he  e h t e r i h g  f l u x  d i f f e r e d  l i t t l e  from t h a t  i n  t h e  r e f l e c t e d  

f l u x .  

The i o n  c u r r e n t  o f  t h e  atomic oxygen r e g i s t e r e d  by t h e  

a n a l y z e r  may be r e p r e s e n t e d  i n  t h e  form o f  t h e  sum of  two c u r r e n t s :  

I = I e n t ,  + I r e f l .  

wkere I is t h e  i o n  c u r r e n t  appear ing  because o f  i o n i z a t i o n  of 

t h e  en ter r ing ;  stream , 
i o n i z a t i o n  o f  t h e  r e f l e c t e d  (outgoing)  s t r e a m  of  atomic oxygen. 

( t h i s  i n e q u a l i t y  cor responds  t o  It i s  obvious t h a t  I 
t h e  dec rease  i n  atomic oxygen c o n c e n t r a t i o n  i n  t h e  r e f l e c t e d  

s t r eam. ) .  I f  we assume t h a t  i n  an a n a l y z e r  similar t o  t h e  Al-type 

used  i n  1959 t h e  recombinat ion i s  absen t  i n  t h e  e n t e r i n g  s t r eam,  

t h e  i n e q u a l i t y  Irefl< I ken  < Ient 

r e n t  from t h e  i o n i z a t i o n  of t h e  r e f l e c t e d  s t r eam i n  an h y p o t h e t i c a l  

a n a l y z e r  w i th  absence o f  recombination i n  t h e  e n t e r i n g  s t r eam,  

f o r  a r e a l  ana lyze r  Al. Consequently,  i t  would be a g r e a t  e r r o r  

t o  assume t h a t  i n  t h e  a n a l y z e r  Al t h e  i o n  c u r r e n t  I is equa l  t o  

t h e  doubled i o n  c u r r e n t  I t r e f l  t h a t  cor responds  t o  t h e  i o n i z a t i o n  
o f  t h e  r e f l e c t e d  s t r eam i n  t h e  h y p o t h e t i c a l  a n a l y z e r  Al: 

e n t  
is t h e  i o n  c u r r e n t  from t h e  and I r e n  

e I e n t  r e  fl 

i s  t h e  i o n  cur -  r e  fl where 1' 

Analyzer  A 2 ,  shown i n  F i g . 1 ,  and cor rezponding  t o  t h e  1960 
e x p e r i n e n t ,  appears  t o  be c l o s e  t o  t h e  h y p o t h e t i c a l  ana lyze r  Al 
as far as its c o n s t r u c t i o n  is concerned, Owing t o  t h e  s h o r t  nozz le  

and a great d iameter  f o r  t h e  i n l e t  opening ,  atomic oxygen recombi- 

n a t i o n  i n  t h e  e n t e r i n g  s t r e a m  w a s  reduced t o  a minimum, and w a s  
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i n  any case  much l e s s  t h a n  i n  t h e  reflected s t ream.  I n  t h i s  expe- 

r iment  t h e  v a r i a t i o n  i n  t h e  o r i e n t a t i o n  o f  t h e  i n l e t  opening of 
t h e  a n a l y z e r  r e l a t i v e  t o  t h e  i n c i d e n t  f l o w  d i d  n o t  cause any s i g n i -  

f i c a n t  v a r i a t i o n s  i n  t h e  i o n  c u r r e n t s  * O1 and N2 r a t i o ,  which a l s o  

p o i n t s  t o  t h e  i n s i g n i f i c a n t  r o l e  of t h e  recombinat ion i n  t h e  e n t e -  

r i n g  flow. I n  t h e  o p p o s i t e  c a s e ,  and because Ient r e p r e s e n t s  t h e  

p r e v a i l i n g  p a r t  of t h e  t o t a l  i o n i c  c u r r e n t ,  t h e  v a r i a t i o n s  of  t h i s  

r a t i o  would be n o t a b l e  and t h e y  would c o r r e l a t e  with t h e  v a r i a t i o n  

o f  t h e  o r i e n t a t i o n ,  which was n o t  observed i n  t h e  conducted exper i -  

ment. Consequently,  t h e r e  i s  s u f f i c i e n t  b a s i s  f o r  n e g l e c t i n g  t h e  

recombinat ion i n  t h e  i n c i d e n t  flow, and t o  e s t i m a t e  t h a t  t h e  i o n i c  

c u r r e n t  Ient, forming i n  t h e  course of t h e  i o n i z a t i o n  o f  t h e  e n t e r i n g  

f l o w ,  corresponds t o  t h e  c o n c e n t r a t i o n  o f  0 i n  t h e  u n d i s t o r t e d  

atmosphere. I n  t h a t  c a s e ,  t h e  f a c t o r  
1 

k 
+ I e n t )  

w i l l  c h a r a c t e r i z e  t h e  c o r r e c t i o n  f o r  t h e  d e t e r m i n a t i o n  of t h e  undis-  

t o r t e d  c o n c e n t r a t i o n  of atomic oxygen. T o  determine t h a t  f a c t o r  i t  is  

necessary  t o  f i n d  t h e  c o r r e l a t i o n  between t h e  components I and 

I r e n  

e n t  
o f  t h e  t o t a l  i o n i c  c u r r e n t .  

Comparison of t h e  two experiments has  shown t h a t  t h e  r e l a -  

t i v e  c o n c e n t r a t i o n  of atomic oxygen a t  all a l t i t u d e s  is about f o u r  

times g r e a t e r  accord ing  t o  measurements wi th  t h e  A2 a n a l y z e r  t h a n  

t o  t h o s e  wi th  t h e  Al a n a l y z e r .  

Assiming t h a t  a) t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  a t o n i c  oxy- 

gen i n  t h e  atmosphere is i d e n t i c a l  i n  b o t h  experiments  and b) t h a t  

t h e  degree o f  decrase  of  atomic oxygen c o n c e n t r a t i o n  i n  t h e  r e f l e c -  

t e d  s t r e a m  is i d e n t i c a l  for both ana lyzers  - Al and A 2 ,  one may com- 

pose a s y s t e m  o f  two e q u a t i o n s  f o r  t h e  d e t e r m i n a t i o n  of t h e  c o r r e c t -  

i v e  f a c t o r  k ( t h e  c u r r e n t  va lues  being t a k e n  i n  c o n d i t i o n a l  u n i t s ) :  

./*. 
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I ' r e n  = 1 ( f o r  the  Al a n a l y z e r )  (1 1 

' en te r  + I ' r e n  = 4 ( f o r  t h e  A2 a n a l y z e r )  

Hence we f i n d  t h e  va lue  k = 1.75, c h a r a c t e r i z i n g  t h e  c o r r e c t i o n  

f o r  t h e  de t e rmina t ion  o f  atomic oxygen c o n c e n t r a t i o n  i n  t h e  ana ly-  

z e r  A2. The thus  ob ta ined  c o r r e c t i v e  f a c t o r  t a k e s  i n t o  account  t h e  

recombinat ion,  s e l e c t i o n  by masses and t h e  p o s s i b l e  combination 

r e a c t i o n s  of atomic oxygen with the  m a t e r i a l  o f  a n a l y z e r ' s  w a l l s .  

One must however examine t o  what e x t e n t  t h e  non-fu l f i lment  

o f  c o n f i t o n s  A )  and b) may change t h e  va lue  of '  t h e  f a c t o r  k. 
Condit ion a )  assumes t h a t  t h e  r a t i o  o f  a tomic oxygen t o  molecular  

n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  atmosphere i n  t h e  100 t o  210 km a l t i -  

tude  rangee i n  t h e  1959 experiment conducted i n  J u l y  a t  s u n r i s e  [l, 21, 

is  equa l  t o  t h e  cor responding  r a t i o  i n  t h e  1960 experiment ,  c a r r i e d  

o u t  i n  September at 00 56 hours  l o c a l  t i m e  Both experiments  were 

conducted a t  more o r  l e s s  t h e  same l a t i t u d e  and about  7 hours  a f t e r  

s u n s e t .  Thus,  t h e  p o s s i b l e  d i f f e r e n c e  i n  t h e  va lue  of  t h e  concen- 

t r a t i o n  r a t i o  may on ly  be l i n k e d  ivith s e a s o n a l  f a c t o r s  - a more 

prolonged e f f e c t  of  t h e  Sun upon the atmosphere i n  J u l y  (17 h o u r s )  

i n  comparison wi th  September (12 hours ) .  Bearing i n  mind t h a t  t h e  

recombina t ion  r e a c t i o n  r a t e s  are r a t h e r  s m a l l  c93, one may a s s e r t  

t h a t  t h e  r e l a t i v e  c o n c e n t r a t i o n s  of  a tomic oxygen d i f f e r e d  more t h a n  

tw ice  i n  bo th  experiments .  Even f o r  t h e  case  when t h e  r e l a t i v e  0 

c o n c e n t r a t i o n  i n  July 1959 i s  more thandoubf?kat i n  SepterLber 1960, 
t h e  va lue  o f  t h e  f a c t o r  k v a r i e s  only from 1.75 t o  1.87. 

1 

But t h e  non-fu l f i lment  of  the c o n d i t i o n  b) may e x e r t  a more 

s u b s t a n t i a l  e f f e c t  on t h e  va lue  of t h e  f a c t o r  k . T h i s  c o n d i t i o n  con- 

c e r n s  t h e  i d e n t i t y  o f  0 concen t r a t ion  decrease  i n  t h e  r e f l e c t e d  

stream f o r  two d i f f e r e n t  a n a l y z e r s ,  I n  f a c t ,  f o r  an i d e n t i c a l  d i a -  

meter  and t h e  same amount o f  cascades and s c r e e n s  t h e  Al a n a l y z e r  

h a s  a l e n g t h  twice  as g r e a t  as t h a t  o f  t h e  A 2  a n a l y z e r .  It is na- 

t u r d  t h a t  t h e  p r o b a b i l i t y  of atomic oxygen recombinat ion i n  t h e  

1 



I '  

r e f l e c t e d  s t r e a m  is g r e a t e r  f o r  the l o n  a n a l y z e r  than  f o r  t h e  

s h o r t  one.  For t h e  c a s e ,  when t h e  i o n i c  c u r r e n t  from r e f l e c t e d  

f l u x  i o n i z a t i o n  i n  t h e  A2 a n a l y z e r  exceeds twice  t h e  cor responding  

c u r r e n t  i n  t h e  A-1 a n a l y z e r ,  t h e  c o r r e c t i v e  f a c t o r  w i l l  be 1.5. 
That  i s  why t h e  f a c t o r  k = 1.75, ob ta ined  f r o n  e q u a t i o n s  (1) and 

( 2 )  is f a c t u a l l y  t h e  upper limit f o r  t h e  v a l u e  o f  t h e  c o r r e c t i v e  

f a c t o r  i n  t h e  A2aalyze.r .  Taking the above-said i n t o  account ,  we 

s h a l l  admit t h e  k = 1.60 20.25 f o r  t h e  c o r r e c t i v e  f a c t o r ,  where 
t h e  componeilt 4-0.2 5 accounts  f o r  t h e  p o s s i b l e  inaccuracy  connec- 

t e d  wi th  t h e  assumptions made. 

Fig.4.  V a r i a t i o n  w i t h  h e i g h t  o f  t h e  c o n c e n t r a t i o n  

1- 
2 -  

r a t i o  o f  %-and N2: 
c u r v e ,  t r a c e d  through t h e  experimental  p o i n t s  ; 
t h e  same curve wi th  the  c o r r e c t i o n  f o r  t h e  e f f e c t  
o f  N2 s e p a r a t i o n ;  the l e f t  s c a l e  i s  t h e  i o n i c  
c u r r e n t s ' r a t i o ,  and the r i g h t  s c a l e  is t h e  r a t i o  of 
c o n c e n t r a t i o n s .  

U t i l i z i n g  t h e  obta ined  value of t h e  f a c t o r ,  w e  may d e t e r -  

mine t h e  c o n c e n t r a t i o n  of atomic oxygen i n  t h e  atmosphere. 
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To do t h a t  we m u s t  i n c r e a s e  k times t h e  c o n c e n t r a t i o n  measured 

by t h e  mass-spectrometer.  Accounting f o r  all t h e  c o r r e c t i o n s ,  

t h e  conducted examinat ion provides  the  p o s s i b i l i t y  of  mal ing t h e  

fo l lowing  conclus ions  r e l a t i v e  t o  the  b a s i c  composi t ion of  t h e  

air and t h e  v a r i a t i o n  o f  i ts  s e p a r a t e  components f o r  a l t i t u d e s  

from 100 t o  210 km. 

The main conponents i n  t h e  i n d i c a t e d  a l t i t u d e  range are 
t h e  molecular  n i t r o g e n ,  atomic and molecular  oxygen. A t  t h e  same 

t ime ,  t h e  molecular  n i t r o g e n  cont inues  t o  remain t h e  p r e v a i l i n g  

component th rough t o  riaximum h e i g h t s  (210  km), j u s t  a6 w a s  t h e  

case i n  the  19-59 experiment c1 , 21 

Atonic  n i t r o g e n  c o n t e n t  i n  t h e  atmosphere at t h e s e  alti- 
t u d e s  does n o t  exceed 2% o f  t h e  molecular  n i t r o g e n  c o n c e n t r a t i o n ,  

which conf i rms  former mass-spectrometr ic  measurements [l, 21. 
Consequent ly ,  p rocesses ,  owing t o  which no tab le  amounts of  a tomic 

n i t r o g e n  accumulat ion would have taken  p l a c e ,  do n o t  p l a y  an essen-  

t i a l  r o l e  a t  t h e s e  a l t i t u d e s .  

\ As may be s e e n  from F i g . 4 , t h e  r e l a t i v e  c o n c e n t r a t i o n  wi th  

h e i g h t  of a tomic oxygen i n c r e a s e s  by about  5 t imes,  and c o n s t i t u t e s  

n e a r l y  65 220% of t h e  molecular  n i t r o g e n  concen t r a t ion .  

The r e l a t i v e  c o n c e n t r a t i o n  of molecular  oxygen (Fig.  5) a t  100 

k m  is about e q u a l  t o  t ha t  i n  t h e  s u r f a c e  ( n e a r  t h e  ground)  l a y e r .  

It d iminishes  by about  50% wi th  a l t i t u d e  i n c r e a s e  and a t  210 k m  i t  
c o n s t i t u t e s  about  14 2 6% of t h e  concen t r a t ion  of molecular  n i t r o g e n .  

The c o n c e n t r a t i o n  of molecular  oxygen i s  determined w i t h  theamoun t -  

i n g  of recombinat ion i n s i d e  t h e  ana lyze r  i n  t h e  assumption t h a t  all 

t h e  atomic oxygen ou t f lowing  f rom the e n t e r i n g  and r e f l e c t e d  s t r eams  

i s  t ransformed i n t o  molecular  oxygen because of i n t e r a c t i o n  wi th  t h e  

s u r f a c e  of t h e  ana lyze r .  



On t h e  b a s i s  of  t h e  d a t a  ob ta ined ,  w e  computed t h e  d i s t r i -  
_ _  

b u t i o n  of  t h e  r e l a t i v e  concen t r a t ions  o f  t h e  t h r e e  a tmospher ic  con- 

s t i t u e n t s  as shown i n  t h e  diagram of F i g . 6 ,  and a l s o  t h e  va lue  of 
t h e  mean molecular  weight i n  t h e  100 t o  210 km a l t i t u d e  range ( s e e  

F i g . 7 ) .  The p o s s i b l e  de f l ec t ions  from t h e  computed v a l u e s ,  on 

account of  e r r o r s  i n  t h e  de te rmina t ion  o f  c o n c e n t r a t i o n s  o f  t h e  

b a s i c  a tmospheric  c o n s t i t u e n t s ,  c o n s t i t u t e  n e a r  2% a t  100 km, and 

i n c r e a s e  almost  l i n e a r l y  wi th  he igh t  t o  4% a t  210 km. 

Fig. 5. V a r i a t i o n  with he igh t  o f  t h e  r a t i o  

1- curve t r a c e d  through t h e  exper imenta l  p o i n t s  
2 - same, with c o r r e c t i o n  f o r  0 recombinat ion 

i n  t h e  ana lyze r .  The l e f t  s c a l e  i s  t h e  i o n i c  
c u r r e n t s '  r a t i o ,  t h e  r i g h t  hand s c a l e  - r a t i o  
o f c once n t r a t  i o n s  

of  O2 t o  N concen t r a t ions  : 2 

1 

From t h e  d a t a  ob ta ined ,  we may a l s o  compute t h e  degree  of 

d i s s o c i a t i o n  of molecular  oxygen a t  v a r i o u s  h e i g h t s  d(0,). 
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The computation was made according t o  formula 

12. 

where n (O,>/n ( M )  i s  t h e  r a t i o  o f  c o n c e n t r a t i o n  of  0 t o  t h e  

t o t a l  c o n c e n t r a t i o n  of t h e  main atmospheric  c o n s t i t u e n t s .  The r e s u l t s  

brought  ou t  below, account  be ing  taken  of  p o s s i b l e  d e f l e c t i o n s ,  

show t h e  r i s e  of  t h e  f r a c t i o n  of d i s s o c i a t e d  oxygen with h e i g h t .  

2 

11. ).'a. . . . . 100 110 120 130 : ,v 1C.O 160 170 180 190 200 t(0 
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It ma.y be s e e n  from t h e s e  d a t a  t h a t  t h e r e  s t i l l  is  a s i g n i f i c a n t  

q u a n t i t y  of  molecular  oxygen a t  210 k m ,  which must be ev idence  

o f  s i g n i f i c a n t  e f f e c t  of  d i f f u s i v e  mixing p rocesses  a t  t h e s e  h e i g h t s .  

j ,  (i e.a. 
30 t 

t 

Fig. 6 .  Diasram of  t h e  d i s -  Fig. 7. V a r i a t i o n  of  t h e  mean rnole- 
t r i b u t i o n  o f  r e l a t i v e  con- c u l a r  weight  of  t h e  a i r  as a func- 
c e n t r a t i o n s  with h e i g h t  of t i o n  o f  a l t i t u d e .  
N2, 0 and 02. 1 

I n  conc lus ion ,  t h e  au tho r  expres.ces h i s  s i n c e r e  acknowledge- 

ment t o  B. A .  Mirtonov and V. V. Mikhnevich f o r  t h e  v a l u a b l e  counse l  

arid c o n s t r u c t i v e  c r i t i c i s m .  T h e  au thor  is a l s o  indeb ted  t o  A .  A .  

Perno ,  R. F. S t a r o s t i n a  and G. I. Podsoblyayeva f o r  t h e i r  a s s i s a t n c e  

i n  conduct ing  t h e  experiment and the  p r o c e s s i n g  o f  m a t e r i a l .  

* * * * * *  E N D  * * * * * *  

E i t e r e d  on 7 June 1961. 


